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PEEFACE. 



This little book, in its original sliape, was a paper written for the 
American Socikty of Civil Exgineeks, and was prompted by the 
author's design of the Quinnipia* Bridge, at New Haven, Conn., and by 
his employment in testing a design for the Eastern Avenue bridge, in 
Boston, Mass. It has been thought that in its present shape it may 
be of some use to students in en^neering eonstructioo ; to experts also, 
on the subject of continuous girders, at home and abroad, so much of tlie 
work as .relates to subjects, that, it ia believed, are here for the first time 
treated, it may not be without interest. In this coimection, the author will 
refer only to his method of first cal g rs gi n 

reactions, and then weighing off tl m ns o ac 

girders in setting tliem up on their s ppo p f k 

that treat of the extension of this ah a n f 

gii-ders, by first dividing up the to a d n h 

reactions =0, and those that act on g con 

uous over all its supports ; and to t w 1 1 rt 

themselves carried and pivoted upon a third support 

CLEMENS IIERSCHEL. 
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CONTINUOUS, 



REVOLVING DRAWBRIDGES. 



First principles, then mles. 

la order that the human intellect mag approaeh the perfeet amwer in any physical innesti- 
galion, there is neeessary the combined ap/^icatiott, each in its proper proportion, of 
three instramentB: nutthematici, experiment, and a well-bahnced, trained, common- 
lense judgment , 

Introductory. — The choice of suhject above presented prohablj needs 
110 apology, before an audience of American engineers. After haying neg- 
lected the construction of continuous flsed spans ^'th piobibly good reason 
in the majority of eases, as we shall see, but on the other hand cirried the 
construction of certain kinds of single fixed spans (hnk bridges) to a degree 
of perfection and size hitherto unknown, Amenean engineeis ha^e suddenly 
been brought face to face with the problem of continuous spans by the 
abandonment of the old form of drawbridge, whoso ends are suspended 
from a central tower by chains or rods, and the adoption of the continuous 
form of truss for such structures. The number of driwl iidgc>" of tins latter 
class is steadily increasing, and some of tliem have alrcddj attained a mag 
mtude of span never before attempted ; yet it is a painful fact that, in the 

■ar, bo iisod onl j in the sense of one of tbat Bpedea 
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calculation o£ the stcaics in continuous drawbridges, unsupported opinion 
and " good enough" approximations hare often hal a contiulhag voice; 
whereas such guides are evidently out o£ place in engmt pruig or in any other 
physical science. And it is, perhaps, only a nataral consequeni,e of thia that 
Ihere are many unpleasant rumors (facts are difficult to arrive at in such 
oases) as to the unsatisfactory performances, wear, and life of in^iay of the 
great drawbridges of the country, both of the old and new styles. 

The subject is therefore submitted as one of practical and ample pecun- 
iary interest to the profession and to their employers. 



PART I. 

g 1. HisTOHT OF THE Thbory OF CoNTiNuoua GiRDERS. — The calcu- 
lation of contdnuoua girders commences with Navier, about 1830, who, it is 
believed, first propounded the theory of the " elastic line ; " that is, the curve 
or form which the neutral axis of a body, following the laws of elasticity, 
would assume iipon being supported by any number of iised supports, which 
were first taken as being all on the same level, and then acted upoa by a 
series of vertical forces or loads. Navier showed how, from the equation of 
this curve, could be deduced the reactions at each support, the value of the 
moments over the supports and generally along the line, &g. Still, hia 
method led to somewhat laborious calculations, and was therefore but little 
used, until in December, 1857, a French engineer, Clapeyron, published, in 
the " Comptea Eendus," an improvement on the method of Navier, which 
consisted in finding primarily the moments over each support, and then de- 
ducmg, from the moments so found, the reactions sought for. Clapeyron's 
equations required that : 1. The load be uniformly distributed oii each span. 
(The several spans may, however, have difierent loads.) 2. The suppoiia 
must all be situated on one and the same level. 3. The moment of inertia 
of the cross-section of the girder, referred to the neutral axis, must bo con- 
stant. Other assumptions made by Clapeyron, but wliich are common to 
all the theories of the elastic line, before and since hia day, will be spoken 
of further on. 

The publication of Clapeyron's article aeema to have given a great im- 
petus, in France and Germany at least, to the investigation of the properties 
of continuous girders, and speedily led to the estensiou of the theory of the 
elastic line to the cases where the supports are not on a level,* to investiga- 

- First noticed liy C, KBplie In " Zoitacbritt dea AroM. Sc Ing Veieius zn Himnovcr," 18S0. 
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tioas as to tlie effect produced by such a change of level in the supports, &c.; 
and much has since been written in French, German, and English * technical 
journals, ajid other- pablioations, with some books partly or wholly on this 
subject. [Sea the list given in the Appendix.] 

It is characteristic, however, of all the books and articles that appeared 
on this subject, between 1880 and 1873, that they severally treat of special 
cases only, at least what m the light of the most recent workf appear as 
only special cases. Thus Mohr develops the properties of girders, contin- 
uous over two or tliree spans of any relative length, for uni/orml!/ distributed 
loads, with the supports on a level, or raised or lowered certain knowi» 
quantities, and for girders of varying section, Laissle and Schuebler do 
nearly the same ; while Quensel gives the equations for concentrated loads, in 
girders continuoiis over two spans, when both spans are equal. 

It was the first intention of the writer to add to these cases, by develop- 
ing the equations for concentrated loads, on a girder, contiauous over two 
spaas, when the spans are unequal and (he supports either in or out of level ; 
which then seemed the only set of equations needed to meet the general ease 
here ti'eated of, — a continuous girder drawbridge, loaded and supported in 
any manner-J All sueli partial investigatjons have been set at resl^ how- 
e by th nt If Weyrauch, previously referred to, which, in the 

1 ng g f tl p f'W! p aenta a complete "theory of straight girders, 

t nu u any n b of openings from 1 to co, and for any kind of 

nt ted gul ly rregularly distributed loads." It even treats 

th 1 [ngd isluti special case of the general subject above pre- 

sented. FoUowmg a work as exhausUve as this, there remains but httle to 
be done in the way of generalization ; and it has been freely used in deduc- 
ing the equatioas needed to calculate the reactions at the several points 
of support of a drawbridge. 

The general equations thus tiiken from Dr. Weyrauch's book, the special 
equations then derived from them, and their mode of derivation, will be 
found in Part II, 

g 2. The Peactick and Theory of the Elastic Lisb. — It is time 
now to speak of the value of all these investigations, of the assumptions 
upon which they rest, and in how far we can judge or know that the results 
obtained represent the exact truth. 

• The wrlttic eannot state as to works In other than Vaaie three languagcE. 

1 The work by Dr, Jacob I- Weyrandi dCeil In the Appendix. 

X Howi^ver, EJile would not have met the whole case, as wUI presently appear ; fi>rnbually 
the drawlirldge, owing to its being supported at two points at the centre, becomes & giniler ma- 
tlnuons ovei four BUppocts, or of tlitee epans instead of two. 
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The theory o£ the " elastic line," together with the long train of inveBti- 
gations that has grown from it, rest upon certain assumptions to be found 
in most theories of flexure, and very fully set forth in the work to which 
reference lias just been made. In order that a bridge structure should 
exactly conform to these asaumptions; 1. Every member and every part of 
every member would have to estecd or compress strictly equal distances by 
the application of equal strains per unit of section. 2. If the girder were laid 
over on its side, — that 11, not be aoted on b> what oidinaiiiy are its vtjtical 
forces, — every pait of it wnvdd have to be without any strain whatever. 
3. When Bet up, no part of it must in the slightest yield otherwise than 
according to I. 4. 'ffaould it act as a continuous girdei on suppoits that 
are on a level, its actual uuppoits must, when the bridge is set up, conform 
strictly to the profile of the bottom of the bridge when it is in condi- 
tion 2. This is ft point of some impuitanee, as will appear, and it 13 well 
perhaps at once to clearly catch the idea of what is meant by " supports on 
a level" and " supports so and so much out of level," speatiug after the 
manner of continuous girders. In point of absolale level, the supports may 
all be on a diiferent grade and yet react as supports that are on a level, if 
the girder, when without strain or when it b acted upon by the calculated 
theoretical reactions, has an under profile fitting to this broken grade line 
of the supports , and, if mention should be made of such a support being 
lowered so much out of level, it would mean, lowered so much from this 
primary grade hue, &c. 5. In the theories generally given it is assumed 
that the moment of inertia of the cross section of the girder referred to the 
neutral axis is a constant. There are, to be sure, methods for calculating 
the reactions, moments, and strains in girders whose cross sections, and 
therefore moments of inertia, vary by steps, or according to known gradual 
increments or decrements, accurately as well as approximately, but they are 
both so laborious as to mate their use unwarranted, save in raj« cases ; and 
even then the uncertainty and approximations inherent to the theory in 
general are not removed by this additional accuracy of taking into account 
these variations. It is safe to affirm, namely, that in actual practice none of 
the conditions 1, 2, 3, and 4 ever strictly obtain. Under 1, different pieces 
of iron do not extend and compress strictly as the strains upon them; each 
separate plate, angle, T, or channel will vary more or less in this respect 
within its own length and each with the other. 2 is a condition which must 
be different in different forms of construction, link or riveted, or nut and 
rod, and is probably never absolutely attained in practice. 3 depends on 2 
in the first place, and cveu starting with 3 perfectly attained it is just as 
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reasonable to suppose that more oi' less racmliers will yield somcwliat, no 
matter how little, other than by extension or compression of the material 
they are composed of, as that they ivill not at all, especially on being first 
brought into action; and, again, that difierent forms o£ cotistruction will act 
differently in this respect. 4 is a condition of which, ordinarily, really 
notliiug is absolutely known; it is o£ the more impoi-tatice, aa very small 
changes of lerel pi-odnce a gi'eat increase or dimintitiwi of strains. How 
tills condition may be regulated will be shown farther on. 5 has already 
been, discussed. 

There would seem to be, therefore, no particalar reason why we should 
give implicit faith to the results of the theories based on that of the elastic 
lina, any more than we do to those deiived fro a theoretical hydraulics we 
can, on the contrary, as a matter of judgment gravely question their 
accuracy, and, so far as huo^Mi to the wnter there are yet ■nantiug any 
experiments on finished stiuotures f om which coefficients of correc ion 
such as are indispensable in the science of hydrauhcs co ild be leduee 1 1 
apply to the science of bndge-building, more particularly to that ot con- 
tinuous girders. 

Another difficulty lies in the form of the equations presented to the 
engineer for calculating the diiaensions of a desired girder. If the supports 
are not " on a level," or if it is desired to apply the more exact formulse, 
which make allowance for the variations in the cross section of the chords, 
it will be found that these very equations already contain the desired dimen- 
sions, algebraically of course. Thei-e is then nothing left to do but to apply 
the method of successive approximations; that is, first to find the dimensions 
as well aa may be, introducing the value of the dimensions sought in the 
equation used to find them, according to the best judgment of the calculator, 
then from the structure so designed to start anew. There is no desire here 
to overrate the deficiencies of the system as it stands developed to-day, nor 
to conceal the fact that multitudes of bridges have been built in accordance 
therewith and are doing good service. The question that remains is; inas- 
much as the formiilse do not give exact mathematical i-esults, how near are 
they to the truth for various kinds of bridges or what are the coeffinieuts of 
correction? Happily, much uncertainty could be eliminated, and the two 
last described calculations dispensed with, were the method of vyeigking off 
the actual reaclions of the finished bridge once substituted for that of calcu- 
lating the proper position or level of the supports, in order that certain 
reactions might be obtained. To arrive at this method in the development 
of the proper manner of calculating drawbridges seems very natural, but it 
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6 

is ncvuthJt'is stm \ Int p i/^Iiu^ tliit, with th ^ii. il '■ir and cxjien'o 
applied to the erection of the numeions continuoua ^'udeii. that hiTi" bc£n 
built in Tiinee iiiJ Geimaiij, this simple methol should not htie been 
thought of and piictised rathei than the unccitam one of cJouUting 
minute diflerencea of level of the supporti iind then attaining them is 
nearly as possible. 

To illustrate, take a girder of unitorm section iinifoiraly loakd ot t\io 
equal spa.iis. supported on three suppoits ill on i kvul 




A, B, C, are the reactions, q the weight per unit of length, tlicrefoie 
from 49 Eind SO,* A =^ C ^-^ ql, B = ^ q!., when all the conditions of a 
continuous girder ai'e fulfilled. But if A and C are each lifted up by a lever 
OF set of levers (the levers ultimately to be kept in position by, say a spring 
dyuaittometer) or by any other weighing apparatus more or less approxi- 
mate,! until these scale beams read | ql, and permanent wedges are then 
driven under A and C until the spring dynamometers or temporary supports 
return to indicate 0, we shall be certain that we have left the girder acting 
as a theoretically perfect continuous girder, under that load at least. Again, 
IE the reactions left under the gu-der wei-e only those for which it had 
been calculated, it would be a cori-ectly designed structure, no matter 
whether these reactions were those theoretically due to a continuous girder 
on level supports or on supports to a certain degree out of level. For a load 
jj on one span, and q; on the other, the theoretical reactions on level sup- 
ports would be (46 — 48) — 

^^IG (^5i-ff.). -S-^^ (9,+ !.), 0^1 (7q.-q0, 
and further esperiiueut would show whether the same girder, reacting 
theoretically perfect under the one kind of load, did so under the other 
kind also, or, if not, what were the actual reactions. From a aeries of such 
tests, valuable practical data would speedily be obtained; and in the mean 

* Sea equations In Part II. 

t A good lijdriiuilc press iliat liad previously been cxperimynfed Willi and duly laled would 
mobe A coDvenienr lUid direct weighing macliiue. 
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while gii'dei's would have to be so supported tha,t tliej should receive tho 
proper reactioiia when under the loads which produce th.e most frequently 
occurring lUiLximum strains. 

§ 8. Some Pkoperties of Contlntjotjs Gikdebs. — Before proceeding 
to speak Bpecifieally of only continuous drawbridges, it may be well to 
become move fully acquainted with some of the propei-ties of continuous 
girders iu general. One of their most remarkable characterifltics is the 
effect they undergo by being supported on supports which are not " on a 
level." The equations that give the reactions, maximum moments, &c., 
under these conditions, all contain tbe moment of inertia of the girder cross 
section and tha ordinates below a level line of the several points of support. 
Likewise, with given seotiona of girder, spans, and loads, may be found the 
ordinates of supports that will produce desired Btrrdna and momenta. See 
equations 32-34 contiiining the term Y, or 39-62 containing F, and Fs, and 
others. A large part of most treatises is taken up with the calculatiou of these 
special ordinates; that is, ordinates producing special strains and moments, 
and the result of some of these calculations it will be instructive to look over. 
It is proposed in this paper to make no use of any formulfo containing the 
terms Y — that is, the ordinates of the support and the moment of inertia of 
the girder cross section — for several reasons: 1. to abbreviate calculation; 
2 . because these ordinates cannot be measured practically with the nicety that 
the equations demand, — thousandths of a foot in difference of level usually 
make tons of difference of reaction and many tons' difference of strain ; 3. be- 
cause the introduction of these terms, as has beea stated, fits the equations 
indeed for findmg the strains m a designed giider but not f ]i tmding the 
correct dimensions of •% girder about to be designed 4 bec"iuse bj diiecting 
our energies toward a different object — the weighing of le'ii.tions — mure can 
be achieved in the investigation of the same «ul ject lu the pi PS'-nt state of 
the science of continuous f,irdeis certainly the value of the de luctions 
about to be given lies rather m the wiiumg thpy offer as fo the effects 
of accidental or unknown differences of kvel of the sui ports thau in 
the use to he mode of them and the foimulte they are deiived from in the 
designing of new woiks. The following tables, I. for two spans aad 11. for 
three spans aie tiken from the work of Laissle and Schuebler, and will 
eijlam themselves The object aimed at is to make the cross section of the 
chords as neaily uniform as possible; that is, equn.1 in maximum in each 
span to Viliit it IS over the centre support in the case of two spans, and 
equal in all thiee spans to what it is over the centre supports in the case of 
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Table I. ifor 2 SiMni). 
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In these tables ; 

j) = owii weiglit per ft., 5:^ live loiid per ft., 

i^span in ft., both spans ei^ual in Table I., two outside ones equal in 
Table II. 

I = span in ft of middle spau in Tible II 

The height of the tiuss la sappostd to lo -^ of ! -xnl J^ ""^lor 
Tables I ind 11 reepeotnely -SMth a ■^tiiin ol al ut h n 1] « pfr Q in 
the chor li 

Mr Mohi in his artiule 186(1 finds fni t t,trj,m o£ about 8 -lUO lis 
per □ inch two spans he ght ^ of span modulus of elasticity^abont 
29 million lbs per □ inch l-i-« = l + I'l.^ wheie 2 is perGenttge of 
Btr-iin in the chorda it centie due to lowenu^ of centre "jupport y is 
amount of such lo^ermo and S 1'' the height of girlei loth espesa d 
in same uuit of length We find tberefoie that toi a loweiin^ of the 
centre support equal to -^ part of the height of the girder, the strain in the 
chord at the centre is already doubled. 

Similarlj, for three equal continuous spans, the same admirable writer 

finds 1-4-. ■■■ =1-1-09 ^, where r^- ,. — , ■■ °, , each per unit of length. 
'7 — 1- ' A live load "^ *' 

Such a girder would therefore require that the central supports should be 
only -^ of the height of the girder lower than the outside ones, or that the 
bridge, when laid on its side and every member without strain, should have 
a crown at the points where it will rest on the centre supports, above a 
straight line connecting its two end-supported points of j^ of the height of 
the truss, ia order that it receive a strain in the chords over the centre sup- 
ports of 2 X 8 400=- 10,800 lbs. per Q inch. Only half the described devi- 
ation of level in the piers, taken in conjunction with half the described crown 
of the bndge, will produce a lilie effect. 

For small biuljes, especially, the measuremenls of level required io properly 
mount a conhnuous girder are practically unaUainable,''' and the advantage 
to be derived from lowering the centre supports is completely swallowed 
np in the disadvantages resulting from accidental or unlinown changes 
of level The most advantageous leyel for the central supports of a three- 
span continuous gnder, as compared with three single spans, will result in 
a living of some 18 — 30% of chord section ; but an equal disadvantage 

' It mny not Tio ont of place to call attention (o tho fiiet tiiat tills lUfflculty deoTBasea for 
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arises from a variation of level in tlie points of support o£ jij'/inr *<> j^riT' 
tliat is, for small bridges of -j-^ and for larger ones of -^J^ of their own 
height. 

An endeavor to calculate continuous girders, without having recourse to 
the measurement of the distances ihs several supports are " out of level," 
would therefore seem to be well warranted. The same remark is less true 
as regards omitting the consideration of variations in the moments of iner- 
tia of the chord sections. The time for tliis additional approximation "svi]! 
come, when we shall have obtained coofBcients of correction from experi- 
ments with many kinds and qualities of finished bridges. It will be to 
theae last, most nearly correct formulje, that the coefficients will have to be 
applied. At present, the methods to which this paper has been limited can 
gain but littla additioual niviucQcy, by having regard to variations of the 
moments of inertia, so long as tiiey contam the relatively equal inaceiiracy of 
being v7ithout practical ooefBcients of correction. In tlie mean while it ia 
gratifjing to find that calculating without regard to momenta of inertia of 
th? chord sections is of the less impoitance the more nearly the actual sections 
are made exactly proportional to the strams in them. For the mathematical 
case, where the above proportion is exactly obtained, Mr. Mohr finds for two 
equal conidnuous spans, uniformly loaded: — 

J/j^ 0.146 (;?' = moment over the centre pier, 

A ;=0.35i jJ=:reactions at ends, and 

M' := 0.06215 5!° = maximum moment in each span, when the change of 
moment of inertia is taken into aeoomit; and, as is well known, 

Af^ — 0.1255/', 

A =0.375 gl, 
and M' = 0.0703 qP, neglecting the same. 

Similarly, for three equal eontinuoua spans, uniformly loaded, the mo- 
ment over the central piers, the reactions at the ends, and the n 
moments in the first and third and middle spans are found for the two c 
of varying and of uniform moments of inertia : — 



= 0.1037 jP, 
= 0.3033 5?, 
=0.0773 qP, 
= 0.0183 qP, 



=o.imqp, 

= 0.400 s?, 
= 0.080 2?*, 

=0.0259;=.* 



§ i: Loads akd Eeactioss op Contisuous DRAwaitiDCES. — 
Pivot drawbridges, when constructed as link- bridges, usually have tw 
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centre posts a,t equal distances eacli side of the pivot or centre. Indeud, 
whatei'er the construction of the girdei', two supports at the oentre will be 
the rul I alj sactly at the pivot, the exception. In the latter 

event, tb t m. lie f tw q 1 and tliose for two unequal spans, for the 
several L nd ±1 din w 11 g e the reactions for any case that may arise. 
It is p 1 d t d U only the more difficult ease of two centre 

supports n th f tvI h the other and less usual case cannot fail to 

be like fE tl 1 1 ted, the more so as the two have many points 

in com n a Tik fir t th upposition of symmetrical loading only; that 
is, loadi h th t n te d j to pivot at the centre exists, and let iis see 

tlie effect on the truss, of t!ie several possible levels of the end supports as 
referred to that of the two centre oues. The former couple can always, and 
the latter two can for all cases of symtnetrical loading, be considered as 
though on a level. 

Case I. The bridge open and loaded with snow. lu Southern climates, 
and in those cases of railroad bridges that have no flooring, the anow load 
may of course be omitted. In this latitude (40° and above) and for highway 
bridges it cannot be overlooked. The end supports are wanting, the bridge 
being open, and we Lave a girder resting on two supports only; and the 
reactions at each must necessarily be equal to half its own weight, plus the 
weight of the snow on half its length. 

Case II. The bridge shut and loaded with snow plus the maximum live 
load. It will be evident that the reactions at the four points of support 
depend now very much on their relative levels. If the end supports are 
wanting, — one extreme ease, — the girder would be in the same condition as 
when open, as regards support, but subjected to the maximum loading; if 
the end supports were lifted so high as to lift the ends of the girder higher 
than the two central supports, by an amount exceeding or just equal to the 
deflection of the girder, acting as a single span-bridge between the two end 
supports when- subjected to tlie moving load, — the other extreme case, — it 
would of course act as such a single span girder alone, and undergo a strain 
at the centre equal to whatit would in Case I,, under an equal load and wore 
there only one central support, but with a general reversal of the direcliona 
of all strains. Both these cases are, however, practically out of question, 
and exist only as logical possibilities ; * but betweea them lie an infliiity of 



for even na nnoonacleiitlons dmw-temlor to 
slilng fliJd iltnw-teniler witli any apparatus 
ssa of railroad (IcawbriJgee whose onds aia 
sutli UrtlDg has takcu placo miiy effectually 
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sapposablo cases. Having eliminated from tlie discussion the consideration 
of measured difletencea of level of the sitpports, and snbstituted therefor that 
of the actual weights of the reactions, we nest climiuate this latter by con- 
sidering only the several cases when the end reactions are just equal to 0* 
It will readily be seen, therefore, that for tlie case in hand, a bridge loaded 
■with snow and alive load, the reactions at the ends may bcmade^^O; when 
tlie bridge is empty, when loaded with snow, or wlien loaded at its nxaxi- 
mnm, though this last brings us ag^n to one of our suppositions that may 
practically be neglected. Or any ffivennumber of Iotis or lbs. per unit of length 
orpand may be considered as acting on (he girder continuously, and [he balance 
will be supported at the central points, iBhicJi is equivalent to saying ITiat, when 
loaded with this balance, the skeleton outline of the girder will endure no reac- 
tions at the ends. It is evident that, by thus dividing up the loading into two 
parts, one acting on the girder coatianonsly, the other supported at the two 
central points alone, the total reactions at the four several points can in all 
cases be obtained. 

Another way to explain this process of finding the total reactions by first 
finding the reactions due to certain elements of the loading is this; and the 
remarks above, relative to what constitute "level supports," and what 
"supports out of level," speaMng after the manner of the elastic line 
theory, must be borne in mind in this connection. Take, first, the girder 
loaded with any part of the total load q, and the end supports then brought 
just into contact with the ends of the girder. For all future loads, the reac- 
tions will be the same as those due a straight girder on level supports ; in point 
of fact, it is a curved gu'der on supports just fitting it, which amounts to the 
same thing. Sometimes the strains in each msinber have been calculated in 
parts, due to different loads, and these then soinmed up ; the plan sub- 
mitted of summing np only the reactions in parts, and then getting the 
strains of members at one operation, is generally to be preferred. 

A practical choice, for the present, will be to suppose the end reactions 
equal to or end supports barely in contact, when the bridge is empty It 
will shut a little hard in that case, when loaded with snow; but, as the draw 
is opened least about the time that heavy snow-storms occur, this will only 
be taking advantage of a convenient provision of nature, and not working 

ta prevented by eoniiecllng tlie signal tliat tlia bridge Is ready fcii trafel wltli tbo bolt tliat bolts 
the draw ends Into tba fixed bridge, and Iben arranging tills bait so tliat It cannot be sbuC until 
tlia draw enda are lifted. BtlU, the ingenuity itltb wblch suoli labor-In volvlnj eontrlvancea 
HTB sometimee elrcnroTeiifed ts fuUy equal to that wldeh produced them. 

• Attention 1b hers railed to the three widelj different f ases of having a leaetioD n 0, a plia 
or a niiims quantity 
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agiunst one. Certain drawbridges, as will appear, hare the ends raised 
before being isubjected to travel ; but eveo for such it is proper, tmlesa tho 
draw-tendera are wader rules uo whit less strong thau military rules, to 
allow for the case where travel goes upou the bridge before the draw-tender 
has lifted or sufB-cieiitly lifted the ends of the draw; in other words, always 
to take the reactions at the ends for the empty bridge just equal to in 
calculating Cftse II. We shall have, then, the reaoliona at the ends due to 
a load equiil to the Jive load of the bridge + snow load acting on a girder 
continuous over four supports, or to be derived from equations 51-76, 
for the several kinds of loading and proportions of length of spans one to 
the other. To the centre reactions derived from these equations, add the 
■weight of each half girder, to get the total reactions at the two central 



These two, I. and //. , constitute all the cases of sym.metvical loading, and 
we next take up the more numerous cases of unsymmetiical loading. This 
leads at once to a di'JCusaion of th manner of support of the two central 
supports (of the uiture of the tuitle that is under the elephant, that sup- 
ports the world). We shill distinguish two suh-caaes : (a) when tho two 
central supports reiiiaia fli n the same as though they rested upou a solid, 
icelasliH, stone piei or as though the draw took hearing upon the circular 
gd wlh tn tiipn the live ring"; and (6) where the live 
n t d d a s ipport ind the whole weight is thrown, 

by t bl t n U] n ti t pi\ot * It will be readily seen, also, 

th t y d fl ti n that m y ui a this " framing " maybe neglected; we 
h e but tolw th nl \i tsan amount equal to this deflection, to 
nd t nt 1 n at y 

r qu 1 out d p ns h h 1 n t 11 b y t d 

(u iutJ p s ret teij tlk q 1 ly tl t th 1 t ] 

loaded with concentrated 1 Is ifB ttobl tsdfi nyf 

weight), there will arise tw 1 dif£ t se f u ymm t 111 
belonging under (a) and (i) to th 1 £f t tyl f Ir 1 dg I 

according as the snow load is considered or not. We find, namely, that for 
tmsymmetrical loading, load on Am (m is point at centre of bridge) whetjier 
sub (a) or (6), we very often get tlie reaction at Z) first =^0, then a minus 
quantity. That is, in the latter event, in order that the elasiie line shall 
remiun in contact with the end support opposite to the loaded side, the light 
end must be weighted or force of some sort must bo applied to keep it in 
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position. In the ahseuce of such provision, it will I'ise or "kick np," espe- 
cially if tho loaded end is not very firmly sujiported. Now it requires but a 
little thought to see that 60 and so many tons, suddenly rising ^ inch, linch, 
or 1^ inches, &c., many times a day, and as suddenly falling again, and with 
nothing eke to spend their work upon, are only so many foot-pounds assid- 
uously laboring to destroy the bridge or tho piers. Such a structure par- 
takes too much of the nature of a tilt-hammer to be entirely satisfactory as 
a permanent drawbridge. Upon taking np therefora the question as to how 
to prevent this tipping, we find two methods in practice, the first long ia 
use, tho second apparently for the first time used by Mr. Charles Maedonald 
of New York. They may be likened to the two methods at command for 
preventing a horse or an os or a man from kickiag. One way "would be to 
fasten his heels to the floor, the othsr to lift tliem up so high that any 
attempt to kick would indeed diminisli the strain uxioa the chorda that held 
Baid heels up, but would never result in their going any higher. In the same 
way may be managed this restive end of unsymmetricallj loaded drawbridges; 
it may either bo lifted up so high that the reaction D shall under no case of 
loading become either equal to or a minus quantity, or it may be fastened 
down, this last being Mr. Maedonald 's way. 

As previously remarked, and as often found, the ends may also be left 
free; and we have therefore the above-stated twelve eases (two of each kind, 
according as we consider the snow load or not) of unsymmotrical loading as 
follows; — 



Til. (a) ends free, o 


n firm central support 


in. {!') „ ,. 


, pivoted „ 


ir. (a) „ latched. 


, firm „ „ 


TV. (b) „ „ 


pivoted ,, ,, 


V. (a) „ hfted, 


, Ann 


V. (b) „ „ 


pivoted „ 



Caie III. (a). Let us again soplaeetbe end supports that when the bridge 
is empty they shall be just in contact with the bridge, no more and no less; 
that is, their reactions shall equal 0. Imagine now a girder so supported, 
no part latched down, to be loaded on length Am (m being point at centre) 
with dead -|- snow -j- five, and on length mD with dead -}- snow. This will 
generally (it may be proven in each case) give the masimum absolute strains 
in the chorda at least. It would be relativdy more severe for the two main 
spans of the girder, to suppose one side loaded with dead -|- snow -f- live, 
and the other with dead only ; but there is a little of the absurd in thus 
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supposing a bridge only half coTercd with snow, and nt the aamo time it 
doea not furnish absoluta niasima. We take theriifore, iu all the imsym- 
metrical cases of loading, for maximum strains, dead + snow -{■ live on Am, 
and dead 4- snow on mD. The snow load has, however, an important efEect 
in forming the nature of the end reactions and of some of the webbing in 
some eases; and it is necessary carefnllj to consider the biidge with and 
without snow upon it, as it may easily happen that a bridge that is flrm under 
snow -|- live on one side, and snow on the other, becomes tipping and UQsatis- 
factory with the snow load removed. To deteiTnine the nature or positions 
of the end supports and in some cases certain m.eiiibers of the webbing, we 
therefore calculate all the nnsymmetiloal cases for dead ^ live on one half 
and dead only on the other, as well as for snow added to each. In the case of 
panel bridges having only one panel over the centre, half the centre panel load 
can be supposed to be applied at the inner extremitiea each of spans AB and 
CD : if there should be more panels, the formnlre will easily admit of being 
extended to coyer those cases also; and, for plate girders and uniformly 
distributed loads, the load on centre span can likewise, if desired, be taken 
into accomit, so as to liiake in all the unsymmetrica! cases the load on just 
half the length of the girder. 

To resnme, then, the special case under consideration, we have a girder 
on four snpporta, nneqnaCy loaded (Fig. 2), and Band higher than A and 
I> by an amount just ec[ual to the deflection of the bridge under its own 
weight when resting on £ and C alone, no matter what the exact depth of 
such deflection be in dociraals of a foot or inches. 




First, take the action of the biidge under its dead load only. Reactions 
at B and C are each equal to half of dead on whole girder. Now place 
end supports in contact. Por aO future loadings the bridge is equivalent 
to a straight girder on level piers. Add snow -|- live on Am and snow 
only on mD. Find reactions for this unsymraetrical load from G3-66 
(or 69 - 72) , four suppoi'ts on a level, and to B and C previously found add 
(algebraically) the new B and C for the final B and C A and D are found 
at once and directly. Now see whether C and Z>, one or both, are plus or 
minus. We can have both plus (a), « C minus and D plus (/3), (D minus 
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and Cplus is impossible), and both minus (y). If (.)> tlie aboie calculation, 
was Gorrect; if (p), it is a case of two unequal spans AB and BD. Start 
anew (Fig- 3) this time with the whole of the dead load of the whole girder 




But, if put in that position, it would need still another foree or better 
couple to keep it there, since BD is longer than AB, and the dead load is 
supposed to be symmetrical about ra. Such a balancing couple could be 
applied at j1 downwards lite a load, and at B upwards like a reaction, — that 
is, diminisMng any A to be fonad hereafter, and as much increasing B; or at 
D upwards audS downwards, — that is, increasing any D to be found here- 
after, and as much dlmini^liing B ; or finally at both A and D, with the same 
respective characteristics. Such force is without doubt applied at both A and 
D; and, to find it, we must first see how much of the nnsymroetrical load on 
Am, when the supports are as in ///. (a) (a), will jnst make C^O, which 
can be done from 63-66. For this much of the unsym metrical load and 
dead -(-snow load, the reactions are as in ///. (q) (q); for the balance of the 
unsymmetrieal load, they are according to 32-34 (or 43-45), for two un- 
equal spans AB and BJ). This is evidently a rare case, and moreover moves 
between very narrow limits of possibility. It would require a proportionally 
very large live load, and peculiar ratios of loads and lengths, to produce such 
a case: it is given, howoTer, for the sake of completeness, and well illustrates 
tlie general adaptability of the method of separating the effect of combina- 
tions of loads into the effects of certain elements of the same. 

Ca^e TU. {a) (y). If both C and D are minus (Fig. 4), it is a case of 
one span and an overhanging arm BD. We now have again the wliole of 




the dead load upon B, and tlio reactions required to balance it about B can 
be applied at A and B only. These will tend to diminish any future A, and 
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will equally increase S. The snow 'will now act precisely aa does the dead, 
and the Uve will be distributed between 1 and B according to the Mmple and 
well-known laws of the le^er Necessanlj A and B are the only reactions. 
This, ^aia, is a lare case, and lequnLS still greater live loads in proportion 
to the dead load and snow Equations to meet III. (a) (/3 and y) could he 
evolved by introduung the conditions C, or C and Z>, =0, and the known 
values of moments thit thit implies, in tlie equations of the elastic line. 
See hook of IVejiauch, ofteu uted 

Case III. (b) — Tig 5 The end supports are so placed, that for the 
empty bridge, they shiU again be just m contact: dead -J- snow -(- hve on 
Am; dead-|-snow on mD For the dead load, Sand Cagain each equal 
half dead load of iihcle girder N'o'fl tnd A. B, C, and D from 39 -31 for 
live on Am, nothing on mD; also, A, B, C, and D for snow over whole 



bridge from 63-66 (four supports on a level).* C cannot now be a minus 
quantity: it must equal B, in order that there shall he equilibrium, and 
there remains only to see whether!) is or not. If plus (q), the reactions 
found are correct; if minus ((3) (Fig. 3), take first agaiu B and C each 
equal half dead load of girder. Then, snow over whole girder from 63 - 63 
(four level supports), then find (from 89-91) what part of live will just 
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Fig. 6. 



miite D equal to The leatti n? foi thit jirt iio found fiom 89-91; 
those for the balance of live f on 93-94 Oi % shoiter w^y, take first 
dead on B and C If now m sm-h a pivoted gii ler foi es SP on AB 
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cause D to become ^0, that part of the symmetrically distributed loacl 
■which is on CD will just baltiiiee the part on AB, about the piYOt under 
B (Uid C, which will leave the SP acting only according to 93-34 on 
A,B, and C, ajid tlie symmetrical loads mast all rest in equal parts oa 
B and C. 

Case IV. (a). — Fig. 7. The end supports arc so placed that for the 
empty bridge they aie just in contact. Centre supports firm. Ends Litched 
down. Loading as before. We have, first, half of dead on B and C respec- 
tiTely. From 63-66 find ^, B. C, and D for snow -(- live on An, snow 




only on mD, and add middle terms to B and C already found. It matters 
not now whether the resultant B be plus, minus, or ! in either event there 
is a body at hand to produce the needed reaction. If C is plus (a), the 
reactions are correct; if C is minus (j3), Fig. 8, it is again a case of two 
unequal spans, AB and BD. Start again with B and C each equal to 




half of dead on whole girder. Find and sum up ^, B, C, and D for snow 
on whole gu'der, from 63-66; now find what part of live on Am will make 
C=:0 from 63-6S; that part will prodnee reactions, also to be found from 
63-68, the balance will act on A and B only, according to equations 
32-34, for loads on two unequal spans. This also may be considered as a 
rare cage in actual practice. The minus values of Z> will show 
strength of the latching apparatus.* 



* Tlia liitclili^ uppocntns mmi 
B illfterence of temiieratiire in tbc 
warmec tlian bottom chord. Sea 
changes of temperatura on tlie str 
boolt, oilel In Hie eppenilliti and 
lead to tlie mathod to be followed 
euce of temperotute between tlie I 



two cliordB, tending to rafao the hridga ends, i.e. top chord 
;. Slialer Smith's paper tited bolow. The eflteot of geniTal 
jns and aliapea of trnsaes is very luoliUj- treated In Kilter's 
, Btudj of tlie principles of tlie same wonld, no doubt, soon 
1 computing tte atraina and changes produced by a dlffar- 
so chordB of a bridge. 
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Case IV. (6). — Fig. 9. The end Bupports as before. Centre supports 
pivoted. Ends latched down. Loads as before. We have, first, half of 
dead on B and C respectively ; then, for snow on girder, A,B, C, and D, 



g on mD, A, B, 
I have the final 




to ho found from 63-66; also live on 
C, and D, to he found from 89-91; 
A,B,C,naiI}. 

The relative merits of tV. a 

Case V. (a). End suppov 
they are more than high e 
^0. Centre supports firm. 



ind V. it is pi-oposed to discuss further on. 
1 such a level, relatively to B and C, that 
3iigh to prevent either A ov D from ever being 
Loading as hitherto. Now as to tJie amount 
the ends should be lifted. The only object of lifting them can be either to 
prevent what we have called the " kicking " of tlie light end or to regulate 
the strains over the centre. We have to deal with the first only at this 
time. Find, therefore, with what loading of the whole girder the light end 
reaction is just equal to 0, when the heavy side is loaded with its maximum 
moving or live load, and then make the end reaetiona =0 at a loading 
great th n tl as t tLin a certidn f alitor of safety against such an 

oeou Tlia bj t treated of, for both the case of the pivoted 

draw nd f t q 1 i ns, in §§ 13 and U of Part IL To illustrate, 

hi th m n 1 mpl F (6), if the ends are raised (see § 13), so that 
2.24 t 1, 1 n 1 t a A, B, C, and D, as a girder continuous over 

four Pi ts th .B It pivoted, it will make Z> equal to 0, when Am 
is in dd t n 1 ad d U 1 6 tons per panel. In sach a case we would 
take y 3 t PI 1 the uuiforta load, of which the end suppor:a 
must caiTy their due share, in order that the live load on Am shall never 
cause D to equal 0. And it may be noted here that railroad bridges, sub- 
ject to having trains move over them at a high rate of speed, would need a 
larger factor of safety against this ocoru-rence than roadway bridges. 

In our calculations we therefore take the end reactions equal to 0, ■when 
the skeleton lines of the girder are loaded with the own weight, minus the 



dbyGoogle 



20 

weiglit sekolcd .13 dbo^e ■s^lii.h. we -nill i_t,11 (for stability), and proceed.* 
Just as s must now alwiys miLe D jlua it ciii and should be req^uired to 
always keep C'plus. Xhe case is tlieietoie alogoua to III. (a) (a), only 
substituting dead — s f or dead and fcnow -(- 1 ve -|- s for snow -[-live, and 
eimilarly. 

Cass V. (S). End supports lifted a tcitxiu amount higher than for 
I. -IV. Centre euppoita pivoted Loading as hitlierto. s is found from 
§ 12, Part n., which rciucea this Ci'^e to III. (b) (a). Or find A, B, C, 
and Dfrom G3-S6 (two central supports pivoted), for snow -|- live -|-s on 
Am and snow -|- s on iiD I> vtill sunly be plus, if s has been taken right, 
and after adding bait (leid — s) cu whtle a^rder, to B and C each, we have 
the final ^,B, C, and fl f 

§ 5. Practical Co'jside rat ions in selecting the kind of Sup- 
PORTH roit Drawbridges — The subject as left iu the last section, is 
perhaps seemmgly commies but seemingly only. We had in all ; /., //., 

///.(») (., A&r), III. (i) (.!!«, IV. («) (a&p), IV. (i), V. (») (a Jtfl), 
and V. (6), — that is, fourteen cases, or, adding those without snow, twelve 
more, in all twenty-six cases ; but this is only because of the generality of 
the treatment of the subject, which adapts it to all cases of double centre 
post drawbridges that may occur. All those marked ///., iu all ten cases, 
need never, and it b advised should not, occur, or at least reduce to V. ; that 
is, have D equal plus. For any particular loading and form of truss, only 
one of a, (3, or y can ever prevail, and the choice of end support determines 
whether to use IV. or V. For any one drawbridge, therefore, we shall 
have, generally, only four cases of loading to consider ; and if it is desired 
to calculate for bolh, firm centre supports, and for the two central supports 
pivoted, this will add two more cases, making in all sis. 

To calculate for partial loadings of any one span will not be necessary for 
the chords. This can be proved mathematically; numerical proofs can be 
derived from the equations given, f oi' the construction of tlie f ormulie render 
the introduction of a single load at any point or distributed loads of various 

• ( may be toJten 0, or even a roinns qntuitlty, ob &r ae tipping Is eorcenieil. If the dead 
load Is so great. In compmison to the live, and tlie lengtli of spans ars so propOLtloned, tliat Hia 
dead alone prevents D from being equal to 0. This iv^glit t should also iM Buch tliat the 
rising of tlie ends dne to lb will make D pine, when the draw oliords are nnaqnally affected by 
temperature, and the draw ends tend to riaa on that accoitnt, tbat Is, v^hare Hia bottom chord 
1b ivarmer than top chord. Sea O, Shalar Smithes paper cltod helow. 

t It Is proper to remark tliat Hie snow load, or, more exactly, the tftct that the snow iotui 
Mootlotis are not equal to 0, when f.lia tirldga Is shut, have Introduced a trlpla element Into all 
the nnsymmetrlcal loadings. By leaving out the snow load, as In the second series of cases of 

deductioua are eimplifiad. 
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values per unit over aay length in nay position an easy matter. Instead of 
2 P substitute for distributed loads/ grfa betwuen the limits that the load q 
is distributed. In case of the webbiiig, it may occasionally be necessary to 
consider the spans as partially loaded. 

Generally speaking, Case I. rules the strains at each side of a point about 
J- the length of the two end spans, measured in either direotioo from the 
centre supports; Case TI. gives maxinmm strains over the centre; and the 
unsymmetrioal cases rule the dimensions of the two main spans, from where 
Cnse /. leaves ofl to the two ends respectively, and t!ie strength of the latch- 
ing or position of end supports in IV. and V. There may be some question 
whether it is wise to ma&e the end reactions = for the empty bridge in 
Case II., tite reason for which has been explained in discussing thcit case. 
By making them due to s, or still more, for Cose II., we decrease the strains 
over the centre, and, if certainty existed that the bridge would, before loading, 
be always supported properly at eitlier end, and Case II. were then calculated 
for reactions at ends due to s. Case V. , which follows from the same arrange- 
ment, would have an advantage over Case IV. in producing less chord and 
web over the centre. If this certainty does not exist, and //. be calculated 
for end reactions equal to 0, IV- and V. are plactd on an equal footing, 
as far as centre sections are concerned. A great point in favor of 71". is 
the little time and power required to latch the ends, as compared with 
that needed to lift them ; thoagh this last should not be overestimated. 
The power required to hft grows from 0, and can increase as high aa 
half the weight of the girder, if the bridge be lifted off its centre sup- 

We shall see, however, in a numerical exarapli', thj,t in point o£ fact 
comparatively little, sometimes no lift, is required to keep the bridge steady 
under the onsymmetrical load, according as the centre supports are pivoted 
or firm and snow on or off. In the numerical example, when pivoted ajid 
■with snow off, it is necessary to have the end i-eactions due to a distributed 
load of about 4.5 tons per panel, nr, roughly calculating for a 200 ft. draw 
end to end, about f of 2j. tons, or about 0.3 tons, and that only at the 
end of the lift.* By means of eccentrics, toggle-joints, or any other of the 
mechanisms that have increasing power, such a final pressure is easily pro- 
duced. Such an increasing and rising pressure can also be produced by 
a constant, descending counter-weight. See " Zeitschrift fiir Bauwesen," 
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Berlin, 1S7I, plates 4L and 42, or also "Engineering," Vol. 12 (1871), 
pago lDi.» 

In bridges subject to frequent opening and shutting, whatever arrangement 
is used at the ends, latch or lift, should be operated from the centre of the 
drawbridge to save time. 

If IV. is to be used for railroad bridges, it must be carefully constructed, 
and the bolt that serves to latch the draw should be made to fit as exactly as 
possible in its socket, or all "lost motion" be taken, up by the mechanism; 
if thwe bs any play-room above or below, it would allow of appreciable 
destrftCtivQ power being exercised respectively at the light end or over the 
centre every time an engine runs on the bridge. 

A description of Mr. Macdonald's drawbridge at Point Street, Providence, 
E. I., 250 ft. long, and fitted with a latcbiug apparatus, may be found in 
" Engineermg," March 21, 1873, p. 202. 

Whether the centre supports should, in the calculation, be considered as 
firm or pivoted (a or S), or the calculation made for botb, the consti-uctioii 
of the bridge must determine. Drawbridges will be differently constructed 
in this respect and in that of the manner of end supports, among other rea- 
sons, accordingly as they are more or less frequently opened. It would be 
an approximation, when tlie draw rested on the pivot, to consider it in 
effect as converted into a girder of two spans only, the pivot forming the 
middle support, and the framing over the pivot part of the truss, — but an 
approximation only, as may be proven. Li a case of symmetrical loading 
of AB and CD, for example, (Fig. 10) the truss is evidently a ease of ihi-ce 

Fig- m. ^^__ 

f ^ ~^ 

continuous spans, IE, now, the reactions A and D ai-e calculated, they will 
be found less than if calculated supposing the truss to consist of two spans 
only, with exactly the same loading. 

And the reason for this is not far to seek. The elastic line would talce 
the shape as drawn in Fig. 11, rising higher than the level of the supports 



• The same apparatus, togatliar with the peculiar, and In soma Eltuation 
dtawbrldga tu wldeli It la In this instiince applied, Is fully aud clearly ile«cc 
hy HSaeler, Civil Engineer, in " Zeitflclirlft lies Aroht. and Ing. Vereiiis zi 



dbyGOOgIC 



ill the middk, or the case would be equivalent to tlie one of two spiins, as 
sketched in Fig. 12, "wliere the centre support is liigUr than the end supports; 



but this, we kunvi, decreases the end reactions, showing why, for a girder of 
tliree spans, the end reactions are less tlian for the same girder considered ns 
composed of only two apaiis, but with the three supports on a level. Both 
eaanot be right, and from the above three spans evidently is. iVIaking the 
end reactions less involves making the centre ones greater, and the demon- 
stration just given is as applicable for unsyrametrical loads as it is for sym- 
metiieal. To convert the girder into one of two spaas only, it would he 
necessary to give it only one centre post, or arrangemeat of strata equivalent 
thereto, these bearing on the centre pivot, or on a single arm framing resting 
upon the same. 

§ 6. Stuaiks in the Girderb. — It may seem strange to some readers 
thafcno word liasyot been said about any thing but finding the reaf/i'onsnnder 
the girder, as though that constituted the whole problem of the calculation 
of the strains in continuous drawbridges; and with but little exception it 
does. The reactions once found, any sti-ucture, of just the proper degree of 
strength to meet them and the loads that caused them, can be interpolated 
between the two, without the slightest difficulty or labor other than that 
inherent to the calculation of any framed structure, if the right way be only 
followed. And, as this has been written for the purpose of contributing to 
the elucidation of the construction, more especially, of panel drawbridges, 
the writer ventures to remark that he shall not consider his labors to have 
been ui vain if, achieving nothing else, he will awaken ia the minds of some 
of his readers a realizing sense of the beauty — that seems to be the cor- 
rect appellation tfl apply to them — of the principles used by Aug. Eitter* 
in the calculation of all link atmotures, and which it is now intended to 
describe. 

Ta understand this thoroughly, let us return to first principles and see 
what a framed link structure really is. It may he described as a properly 
designed skeleton system of lines, each line endowed with the faonlty of 
exercising muscular or elastic foree in both directions, each line pivoted 

' Seo Kltter'a booK, citefl !n AppeniUx. In Van No: 
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at its estrcmities, and then att^d upon in ppace by generally only vertical 
forces, or, including roof-trusses, by yertical and horizontal forces, — in short, 
by forces in the plane of the strnoture; these forces are, in the first case, 
the reactions and loads, m the second the reactions, loads, aiid force of 
the wind We h-ive gi^en the skeleton linei the loads, and points of appli- 
cation in 1 tlie \ oints of ipplication of the leactiona. We must find what 
has been called above the muscuUr loree lejuned to keep every thing in 
eq^uilibnum in i the only way in cases of continuous girders, to do this, is 
by first fiiidmg the reactions and going farther there is much in favor 
ot the statement that when on atoount of theie being only two supports, 
as in case of suigle apana the laws of the lever (which however, aie 
only % special ca'je ot the eliitic line) suffice and strains, as tins mus 
culai force is mirp t eju nth called an be found without starting from, 
the le^ntions the littei metl f d is the best simplest, and easiest remem- 

Takmg now a glider as above described, acted upon h^ its foices (loads 
and leactions) aud considering all parts m equilibrium, we have in any 
section — 

1. The sum ot all the horizontal components each side the section 
must=0, or SiT^O. 

2. The Bum of all the vertical components each side the section 
miist = 0, or S F— 0. 

3. The sum of all tendencies to rotate about any point in the plane of tlio 
girder^ that is, all moments — miist=^ 0, or EJl/^ 0. 

Eitter's simplification consists in using equation 8 only, which can always 
be done by merely so choosing Ike points of rotation that they shall he situ- 
ated at the intersection of the direction of two out of three forces which are 
being investigated. The moments of two thus become 0, and there is left a 
simple equation for the value of the third. The general enunciation of the 
principle is this: Conceive a section of the girder, taken iu such manner 
that it shall cut, if possible, only three members, and imagine the forces 
X, Y, and Z applied at the section, in the line of these members, and rep- 
resenting the strains in them For that part of the structure whicb lies at 
either side of the section write the equation of moments, and so choose the 
point of rotation that m deteimming X, the point of intersection of the 
directions Y and Z is taken ; in determining F, that of X and Z, and in 
determining Z that of X and Y. 
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For example, taie a roof truss (Fig. 13) : - 



P ^--"if" 

D Fie-I3. i--''''^ A I 

-"'''''^ \zL '/ i ,z 



1)=: reaction, P and Q are loads 
levcv avias. Moments witti tlie moti 
it,—. 



X, Y, Z str.iins required, x, y, and z 
in of the hands of a cloci, -|-; against 



About E, intersection, of Z and Y, 

Xx—P.CE-\-D.AE=D, 
„ P.CE—D.AE 



About A^ intersection of X and Z, 
— r^ 4-P. lC+ Q. JE= 
P.AC-\-Q.AE ^ 



About -ff, intersection of X and F, 

^Zz—q EL—P.CL-{-D.AL = 0, 
„ D.AL—Q.EL—P. CL 



Where a member cannot be cut by a section cutting only two others, it 
will always be possible (unless tlicre is a reduQdance of members, and ibat 
mcaJis indeterminate strains and bad constrnction) to cut, if there are four 
together, some one of them, if five, two of them, &c, , by a section taking in 
only three members ; and, their strains once determined, tiiey can be used as 
known forces in getting the others of the same group. Or, any number all 
meeting in one point and one more, may be cut, and the strain of thia odd 
one determined ; it being remembered that the section may be taken in any 
direction, straight or curvilinear. For trusses with parallel chorda the 
demonstration is still correct; wo have but to introduce to as the distance at 
which the chords meet, and it will be found that the o:s all cancel out, leav- 
ing easily rememborcd equations aud forms of equations. 
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This constitutes, in fact, the whole mcthoii, "wliich iittds but to be tried 
to be appreciated. Its advantages ai'o, primarily, tliat it throws aside iiU 
burdens upon, the memory, in the shape of special rules for special cases, rules 
for each diflerent kind of roof or bridge truss, not to mention a set of rules 
for valuations of one and the same kind of girder.* The advantage of this it 
is difficult to overestimate; itexceeds, if anything, the value of the well-known 
Uapier's rules in Spherical Trigonometry. Another value lies in the readi- 
ness witi which the strain on any one member can be caleulateci indapendentlj 
from that on any other; and, finally, in simple trusses, in being able to 
recognize at a glance, from the form of the equation for the strain on each 
member, what loads diminish and what loads increase the same ; that is, 
under what loading it is maximum or minimum. The numerical examples 
have all been worked according to Hitter, and the reader is referred to them 
(and more especiilly to Bitter s book) toi more on this bianeh of the sub- 
ject. In the cases of finding the etrunB on the di^onala it is frequently 
simpler to choose tlie hist cf the equations of eiuihbnum ■written above, 
instead of Bitter's raLtkod. that is aft h ng f und the chord strains, 
by remembering that the hoiiaontii mp nt n t equal 0, the diagonal 
strain becomes merely the horizontal p nt ± the strain in one chord 
minus that of the strain in the othe m It pi d by the secant of tlie angle 
the diagonal that connects tliem m k tl th 1 orizon, and it is of the 
kind of Btrain, tension or compresM.on, according as needed for equilibrium. 
If the two chords are unlike, it always has the same quality, (. or c, as the 
smallest; if both chords are alike (happens in Warren girder), tJie quality 
is opposite to that of the .chords, and must equal their stini instead of 
diSerence. 

Plate girders are not specially treated of in this paper; nothing new is to 
be said of their calculation, and, by getting equations for moments from the 
reactions, the cui-ves of moments (and lines of shear from reactions) are 
easily drawn, and calculations of sizes of p'irts made is well known ind long 
used. The value of plate g i lers for Iri vbndgps is seriou^h diminished 
by the large surface they expose to the fcice of the wiul Cises aie not 
wanting, where such bridges hwe 1 e n bbwn off the eentie pifr or hv,e 
shut with such force as to bieak the centii, pvot &c Fci 1 i„e i s 
especially, their use must be decide llj conlenn 1 

g 7. PUACTICAL CONSIDEKATIONS AS TO ClIOICB OF FoUM AKD SySTKM 

OP TiiUHS, Tugs-tables, akd Ci!;»n'iiB Pivots ; axd in Coxci.ustON. — 

•MoBtof theso rules are, moreover, of the perplexing liina.BometimcsliTinwn as "Blnlt or 
swim" rules; i.e , tlifl answer sougiitle fountllnoiie uf two ways, but you canuni leU wliich. 
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Laissle and Schuebler, in their viorh of 1870, give at the close a digest of 
10 typical iron bridgea that were built between 18J5 and 1870, of all con- 
ceivable shapes and forms, both as regards choi-d, web, position of platform, 
number of trusses and coiTespouding number of tracks ; two of tliem contin- 
uous over three spans; in fact no two alike, redwcing them all to the same 
strain per unit of section, wider the same ioad per unit of length. Tbe 
result, if intended as an exliibition of the Bupeiiority of one style over 
another, is entirely nugatory, with the single exception that it is clearly 
better to support two tracks on two trusses only, than it is to support them 
on three or four. The aitthore amve at the conclusion that the economy of 
each bridge depends, not on the choice of any one from among the dozens 
(hundreds it might almost be s^d) of good styles of skeleton outlines of 
chord and web that are fit to be nsed in any given locality, but on the skill 
of the constructor in each paiticnlar cnaa; but this ngnin is resolved, almost 
wholly, into that of reducing to a minimum tliat part of the weiglit of the 
bridge which is literally "dead" weight, — that is, carries no load, does not 
exercise muscular energy, and is only so much apoplectic, adipose tissue. 
Again, every member necessarily brings with it into the bridge more or less of 
this vei-y dead weight ; the less members, therefore, other things being equal, 
the better the bridge, the more load it will can-y with the same total weight 
of material in it, or, conversely, the less material it will require to cari'y a 
given load. The rules for a choice of system for drawbridges will not be 
different frorn those lor single fixed spans, with some few exceptions due to 
reversal of striuns from c. to (., and nice versa. 

At first sight, it might seem as though the height of the truss should be 
in a very different proportion to the span in draw from what it is in flsed 
bridges; because, wbeu the draw is open, the span, of which each side rep- 
resents half, is in fact double that of the doubly supported suigle span, of 
equal moment. It must not be forgotten, however, that when it is in this 
position tiie bridge is not loaded. Taken altogether, therefore, about the 
same propoitions of height to span will obtain in coalimious as in single 
spans, though with a leaning towards greater height in drawbridge spans 
than in single spans of equal length. In a recent competition for a draw 
200 ft. over all and for two fixed spans eaoh 121 ft. long, the same designer 
made only $660 difierence in favor of 21 ft. trusses as against trusses 15 ft. 
high, on a bid for the latter height of S50.5S0. Perhaps Mr. Baker's » in- 

* On ttie SUenstha of Baama, Columos, aafL Aruhes. B, Baiter, Loudon. E. and F. S. 
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vestigation as to the proper height of single span trusses and plate girders 
could he extended to the consideration of contiattous spans also. 

In continuous drawbridges, more than in single spans, tlie defects o£ sep- 
arate counter-hracing become apparent. It is very much a question with 
the writer, whether separate counter braces and ties have not been used far 
too often in all structures, wooden or iron, but especially in the latter. A 
member that will resist both tension and compres^on can nearly always be 
made to weigh less than one to resist compression or tension running in one 
direction, added to its counterof like quality running opposite to it, especially 
when we have regard in the two cases to the useless dead weight above spoken 
of. In the way indicated, — that of introducing members capable of resist- 
ing both (. and c, wherever they are liable to exchange of strain, — any kind 
of truss can be made to dispense with the customary counters and their extra 
weight.* This is recommended in all continuous spans, drawbridges in- 
cluded. In case of wooden trusses also, an iron rod parallel and beside the 
wooden strut, so as to make a counter-tie instead of countar-brace, would 
probably make a good wooden continuous truss. 

A point to be careful about also is that of either superfluous or deficient 
laembers. The numerical example is one sent in in a recent competition for 
a drawbridge, slightly altered. As first designed, the end panels were as in 
Fig. 14, the dotted line representing a tie rod. Now when saoli a truss is 




latched down, which is equivalent to putting a concentrated load oaA,'A 
will exert compression on the piece T. T cannot take, however, even, the 
compression due to the loading on its own system, being only a rod, and 
should be made so as not to suffer from such compression, by having a link 
in it, or by being passed loosely through the top or bottom chord, &c. But, 
when thus cleared of compression, the minus reaction at A, which shonld 

• ICla curlona EometliDes to sea counCars IntraAuceil where. In point ofCiot, tliey appear like 
"enta in a sWango garret." A "Post" truss, for examplo, is nothing bat a Wttrrcn 0rder 
yiboBe stmts and ties Hre at an unequal angle with the liorlsnn ; and tils tveb, Instea'l of I>i^ng 
made,lJlEeaJlotl]GrWarrenglTders, to takeeitlieF^Dr 0. at tlie centre of the truss, Is fitted ont 
iAith counters In the BliEipe of tonslon rods. They are, however, more proper here than In some 
other cases, owln^ to the great length of the regular tension members, which niUiout them 
would have to lie mode to resist compression also. 
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pei'vade the whole wobbing, can act on one system only, tho one di'iiwn in 
double hnes, ■which must be characterized as undesirable. For this reason 
the end haa beeu changed as in Fig. 15. Eaeh system can now take any load 




o at due to its own loading, and the end post belongs to the second 
eyst m the one drawn in single lines.* 

A va] ble paper on turn-tables and pivot centres by C. Shaler Smith will 
be f trnd n the July number, 1874, of the "Transactions of tho American 
8 y f C vil EngineerB." The data given tkare are probably noexcelied 
by th t be found scattered in the descriptions of various drawbridges. 
It m e s ch data that the profession is sadly in need of. 

Ill the same nmnber, Mr. Macdon aid cites an equation from the ("Journal 
of the Society of (Jerman Engineers ") Zeitschrift des Vereins Deutscher In- 
genienre, Berlin, April, 1874, for the safe pressure on bearing rollers. The 
same subject miy ilso be found anilvticilly treated by Jules Gau lar 1 in 
' Etudes comparitives de Divers Systfemes de Fonts en fei quoted in 
Spo 1 s Dictiomiy of CiT 1 Eng neeimg p "SO and in Wmklei a 1 k 
cited in the Appen Iix 

Tho THiter mikes no ijology fci the length of tl s i ijer oi of iny 
formuli* to be f oun I m it Theie i*" no roy'ilro'ii to the calculation 
of tlie stnin? in continuous guder^ and the methods described in this 
paper ore believed to be an improvement upon ind oie shoiter than any of 
the exact modes of calcuhtion that have con e un ler the lutl n s notice 
It has been to him a pleasant task tho igh ta?! it was But thtii, is i ) 
branch of engineeiing so cleanly cut and finely moiHcd in its tl suits as 
th s of finlin^ the stiiins in framed structuies The reaotioni muat trst 
bo equal in algebraic sum to that of the tota! loads then aiound any 
point of mi^etmg of the seveial members m the stracture tho vertical com 
pononts up must j ist balance those !o n tho e to the r ght must I hnce 
those to the left and any membei cut in two must reveil m its mtei r 
an elastic or musi.ilar foice that will prevent revuluti n about thai i at 

* There la atm In tills arrangemenlsonieliicletennlQataneBsi TlK.,tliBabBoluto direction tiat 



dbyGoogle 



30 

around \i,hicli the pnit* of the structuie icould rotate, but for the duty by it 
perfoimed And the mpmbeii iml leiotions must do all this, if need be, 
to any desued place ot deounals, ]ust as in t!ie ledgers of some stately 
mercantile house the separate accounts and the trial balances must all foot 
up equally on both aides to the fraction of a cent. The prin pi s Id 
in the one case are no more certain to produce the desired result-s th n th e 
upon which lunges the other; and, if those clear results are not f tl m n 
it is but a case of hainan error or imperfection. The pri) j ? r ain 
perfect, immutable, and eternal. 



PART II. 

§ 8. ISTRODL-CTOItY TO THE MATHEMATICAL InVESTIGATIOSS. — Tho 

arrangement of this Essay is intended to be such that, while the argument 
is all to be found in Part I., and its application illustrated in Part III., 
Part 11. shall contEiin only the mathematical demonstrations, or the deriva^ 
tion of the formulie presented for use, and used in Parts I, and III. The 
reader that b prepared to accept these formulEB on faith, therefore, need not 
read Part II. at all, bat will, it is expected, find in the i-emainder of the 
paper sufficient to enable him to design any revolving drawbridge. Those 
that seek for mathematical proof will find the basis of Part 11. in the work 
of Weyratich, to which reference has many times been made ; and the equa^ 
tiona, taken from it, that are needed for the development of tho formnlte it 
is novf proposed to find, are the following : — 

17. 3T,_, ;._, + 2 M (U + 1,) + i¥,+, ;. = - ["-^i^ + ^^±Ip'] 6 EI 

-r, 1^" ^^'"'^ ^^+"^ ^ T ? "^" ^^~"'^ (2l-a). 

Via. M,_, U + 2 M, iU + y + M,+, 4 = — [^^- + ^^^p^] ^i ^^! 

20. — F,:^^— |[ilf'— Jl/4-2P(;— fl)],and 

21. Fi = A' = -^ ^ai—M' 4- S Pal , 

in which the several characters have the meanings indicated by Fig. 16, and 
the schedule given below. 
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M,, .1/,+, i 



; moments over the supports, at left h.aii(i of the apiins 



t„ Ui 



M & M' are the moments over the left and right kaiid supports at either 

end of the spaa I. 
h ^1 ^+1 &"■! f^re the lengths of spans. 
c„ c^i &c., are the ordinates of the points of support at left hand of spans 

^,1 ',+1 &0-) referred to the axis of abscissa. 
E repi-esents the modulus of elasticity. 

/ represents the moment of inertia of the heam, referred to its neutral axis. 
P represents a load, or element of load, within the span I. 
i P indicates the summation of aU loads P between and I. 
SP, 2P, &c., indicate the isummation of all the loads P, in the spans 

"^' ^> h+i &o. 

o is the distance of point of application in. the span I of the load P, from 

the left hand support, 
g,, g.+i &c., are the amounts oE uniformly distributed load, per unit of length, 

in the spaas l„ i,+i &c. 
F„ & F, are the vertical shearing forces at and at /. 
A & A' are the parts of the reactions at the left aJid right hand extremities 

of a spin i whii^h aae m equilibrium with the loads on that 

2 P (I — a) mcms the siiramdtion of all the loads in the span I, each mtdti- 
pliel by the distance of its point of application front the right 
hand support and 

S Pa, the same sim multiplied by the distance of its point of application 
liom the left hand supjort 



Wo pass now to the development of the g- 
calcuktion of pivot drawbridges. 



eral formulie required for the 
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§ 9. EQTJATtONa FOR THE EEiCTIONS OP A GlRDER COSTINTJOUS OVER 

Three Supports. — Fig. 17. Inl7, above, make r=^2, r— 1^1, r-f- 1^=3, 



a in the span l^ = c!^, and a in the span l^:^!^ — gl^. M-, and Ifj are each 
= 0, the ends being free (not walled in). Hence 17 becomes 

For convenience in writing, put the teem J_^3_|_£a_^3 QEI=y, 
and find the value of M^ : 

- 2 P, I, (;,= -«= ?i^) -1 S Qgl, O^'-g^ ;/) 



28. l/„ = 



S— 



2 Gi+y 

How, from 20 and 21, introducing tha new notation aa jiiet now in 17, and 
maTring Jij and Jig = ; 

30. i=iJ, + B2=i[— Jlf^+sPe;,] 4-l[— j^-l-sQpjJ. 

31. C = l[jf,-]-2Q(;,-3g]. 
Substituting the ralue of Jfj found abope : 

—Y—~sPeljOi'' — e^h^—Y ^ ^^^^ Oa^ — / V) 

^^' ''^ ' 2!,0, + I,)" 

I gfft -rfi) 

33. B= ^ ^ 

2(,i, 

, sP(ii — tf,) , Zg(l,— jQ 

+ 4 + (, ■ 
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Gleiierally Z, = /^ = £, and the points of support are on a leTcl, iu wMoli last 
event Y vanishes. Then aitcr a few changes we get ; 

35. i=s[^(4-,[5— ■])] -2 [|.5(1_5^], 

36. iJ = s [.£,(3-,.)] +2[|.j(3-j')], 

37. C = 2 [S.(.l_,[3-j,'])] .-2 [|,(l_,!)], 

which are convenient furras for calculation. If further c=^ and P= Q 
[eijual spans, supports on a leTel, equal panel lengths and corresponding 
panel points equally loaded] : 

38. ^ = C=£P []— ?^^^^]. 

39. B = 2P[e(3 — e=)]. 

For uniformly diskibuted loads, q^ in span Ij and q^ in span ^, for F=: 0, 
i.e. the three supports on a level, r — 1=^1, r = 2, andi--]-l = 3, M^=:M^:=0 
aa before, 17a would become : 

Simikrly wo should have for values oi. A,B, and C, derived from 20 and 21, 
substituting 

I q^dx(_li—x) ioT2P{i—a) in epan Z^, 
and I (/^ dx. x for tlie same in span l^, 
also I ^j dx. X for 2 Pa in span Zj, 
and J 5j rfi (/^ — a^) for the same in span l.^ : 
«0- 'l=-^[jlf. + i !,',']■ 
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"- -B = {[-*. + 5!i'i'] + ■i-[--'-r, + 4 !■'■'] ■ 

Or substituting value of M^ : 

TlieSB aro sometimes found in the forms 

If iiitliese?j = /2 = ;, 

47. is^g?(5^+5j. 
i-CT?2 — 9.)- 



Finally for jj = j^ (equal s; 
uniformly loaded) : 

49. A = C=iql. 

50. B^\^ql. 

§ 10. EqOATIOSS FOH 1 



i, supports on a level, both spans eijually ai 



FOUR Supports. ~ Pig, 18. Maki^ig in 17, r fii-at = 2 and tiien = 3, first 31 
and again M^ become := 0, and the equation bcooines 
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S5 



designating for brovitj -~ — ^ + -^-^ — - 6 -E/ by V^ 

and ^ . -^ -j — ^-i — ■" G EI by Y^, replacing also tiie general load P iind 
distance a by P, Q, R and x,y,»ia the spans l^, l^, ?,, respectively. Solving 
these equations for M^ and M^, we obtain : 



" 4'-i(',+l.)('.+0 




[n+liai,(i,'-rt+-lsB.a-«) (2- 


'.-=)J'. 


v-4ft+y Pi+u 






— )]2ft+Q 


tf-ift+Oft+y 




[i'. + ]-Jj'i('i'-s') + f 2 *('.-!/) (2' 


.-!/)]', 



'>"-4&+yft+u 

Comparing these, we find that the first quantity enclosed in [] in the value 
of Jij is entirely similar with the second quantity enclosed in [], in the 
value of Mg, and that the same similarity occurs between the second term 
of M.^ and the first of Mg, so that for convenience we may wi'ite, 



S('; + ?a) V — hW 
U 



S3. M^ = 



54. ^3 = 
From 20 and 21, maiing 5f^ = M^ r= n, we obtain 



C =-!.[;«,- J/. + S 8s] +i[_Jf. + J «(!.-.)]. 
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Siibstituting the values of M^ aud M^ glyen above, and reducing, these 
tecome : 

60 p - ("i+a ft + 'Jiy-Pft + t.) (;.+'.)+>. i.1 r 

l,LU 



SI. p_ (a '. + '.) P.+'.)F-[3(i, + ;j g. + t.) + ;.u > 



SQy , 2-Rft— z) 



-+ . 

Usually y^ and Fj,mU — 0, the supports being on the same \a-vA,\:=l^=l, 
I2 =:ml, x^= el, ij — z=i ffl, and Q = 0. Under these oondiMons 

f7 = P[m' — 4(l + m=)],and 
S« S ■,j,,ri| (2 + 5» + g-.')(l-.') -| 



'3«' + 8™+4' 






63. C = 2B-7ll-{- 



(3„. + Sm + .l) 
(2 + 3.. + . . )(l-,-) 






' 3m2H-8m + 4 
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If furtlier tha loading be Sjmmetiiciil, that is, if e=j aadP = fi, a farther 
reduction is possible : 

e. .=.=.Pa-,[.-<<»^£±|l]. 
es, .= c=.P.[.+<ji|il^!>]. 

Similarly for unifonnly distributed loading, SP will beeomo y'^^ dx, 
2 Q if 32 ds, S Ji ,J jj (fa, and we shall have from formula 39 - 62 ; 

7o J, -('. + ' .) O 'i +'.) H fe '.' + 1 ;. '■•] 

tt4+3('i+'.)g.+ '.)]a»i'i'+i».'.') 
,1 r ft + W P'. + 'aaaV+l'?.'.'] 

'■'.CV-lft+O C+'J] 

When again l^=^J^^=l, l^^^ml (wi for drawbridges 'would be a proper fruc- 
tion), also 5,— 33=5.- 

+ig.'.[i+ 3(,:;i'^+,:?).j . 

Finally when Ja =; 3 and m ^ 1, that is l^:=L^^lg-= I. 

75. ^ = Z) = 3-%gr, 

76. iJ=C=3Jq;. 

There remain to be developed tlio equations for the very peculiar eases, 
when two of tlie supports are themselves supported on the cuds of an inflex- 
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ible body, which, in tarn, rests upoa a knife edge or pivot at its centre. 
(Fig. 19.) It is evident that, for e[[ui!ibriiim, the reactioua of such supported 




supports mnst be equal. An incidental quality is that, when such supporta 
are not symmetrically loaded, the ordinate of one support, menstu'ed from 
the liue couuecling them when in a horizontal or symmetrically loaded posi- 
tion, equals the ordinate of tlic other measured in the opposite dh-ectioii, or, 
for a three span gij'der, €^7= — c^.* The calculation of the equations for the 
reactions tuider these conditions ia tedious hut not difficult, after the method 
to be followed and the circumstances to bo taken into account are once 
clearly imagined. 

§ 11. EQUATior;a for the Keactions of a GinnEit continuou3 over 
Foun Supports, toe Two Centre Oses resting upon as IxrLExiuLi; 
Body, wuicn is pivoted at the Centre. — For our cases of unsym- 
moti'ical loading, we must make Q^Ji=rO. We then have the maui con- 
dition of equilibrium, that B= C (see fig. and equations in § 10). 



77. 



.=^[-«.+,p.]+i[*.-«.]=i[.4-.v.]-^=c, 

+ 7 



78. 2M^(l.^ + l,)-\-M,/..2 =—Yi—Y SPx(l^^—x'^)^R. 

80. From 79, M^ = av^zrj^ 

ralue of M,, — - 



Substituting in 78 and folding 



nctlytraowli^nllioplvoUt 
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82. M^: 






Substituting 80 ill 77 will g 



Mako HOW ?j r= ij =: I, and l^=:>id, and put 81 = 82, we get, — 

S3. S — iJ = ml^ T. Substituting values of S, R, and T, we get, finally, 

84. F^— Fi = i- S P.tT (;= — 3:5-]- ,„i2-). 

But — Fi^— [^-^ + ^^~^] 6£/, 

and — Fa = — T-^^ii-' + '^^ T '^^ 1 OE/, also c^^c^^O, and Cj^—c,; 

■■• yi=-[--i-"-] = ^'' "^ >'■- [^^'] » ^"' ""' 

86. — F^^. — ^^SP3:(i= — a:'^ + jn!0.» 
Substituting values of — Fj and — Y^ in 73 and 79, and I'cduoitig, we get, — 

='■ ". = -i^^ 8,.. + 8„ + « " 

These values substituted in the general equations for A,B,C, and T) (55-58) 
[Q = i? = 0, 1^ = 1^ = 1, l2 = ml} give filially, — 



_ (2 + m) sPz(P — a') , ^Px 



' + ^- 



91. Z) = 



_^ (9 + m) sPj^ <;' — 3;^) + (2 4-3m)mf^SFa: 



and ^-[-i!-l-C + iJ = SP, as they should. 
To bring these eq^uations to the same known quantities as equations 63 - G6. 
we have but to substitute d for x:. 
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g 12. Equations for the Eeactions of a GinDEii cotJTisuous ovki: 
Thkeb Suppoets, the Two Eight Hand Ones uebtimg upon an In- 
5 Body, which is pivoted at the Centre. — Taking agiun 
caso of unsymmeti'ical loading Q^O, li:=l, L^^ml, we have for 
a condition of equilibiiiuu S:=C, or 

i[-i/, + JP.] +i[-*,] -iM =0, or 
IS Pa: 



2l{l + m) 
2l(l-{-m)mSPx+ - 



Substituting in 93, 

96. M2 = —^- 
for A, B, and C(29-31). 



and A -\- B -j- C is, as it should be, equnl to S P. 
Again, sabstituting d for x, we obtain A, B, and C, in terms of the same 
known quantities as in equations 33-37. 

§ 18. In a Girder continuous over Four Level Supports, the 
Two Centre Ones Pivoted (same as in g 11), to find what Loadtng 

UNIFORMLY DISTRIBUTED, ADDED TO A GIVEN LoADIKG liKIFORMLY DIH- 
TUIBUTED OVER THE SPAS AB, WILL MAKE iJ = 0. — We had for thp 
unaymmetrical load (91), — 

_ (2 + ..) S F i (;■-,') + (2 + 3 m) «.;■ 2 Fx 
21'C3m' + 8,„ + 4) 



i^irke 
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For uniform loading over the whole span AB, we must substitute y'^i dx 
for Si*, whieli gives, — 

93, D — — ■■>i'(Sm-'4-8m-i-i) = unsymraptriral D. 

From 70, with (j.2=^q, we have,— 

100. J = i,l[l-^-^ jy->^^J -i,i^g;.<|+g,^ = .;...l.a 
The condition is that uasjmmetrioal D -[- symmetrical D shidl equal 0, or 



(^ + "0 



9i^* + (2 + 3m)mg,- 



= W\}-^ 



froui which is found, 

101. <!^ „ - ,■a \ ^ - \a a ' o 3 tt- = uniform load per unit ol 

^ (ii-|-ljm-|-l>jn —J,m — m) 

length over allthree spans, necessary to make D = 0, when span AB is 
loaded with q^ per unit of length in addition to q, and the supports are in 
the condition above stated. 

§ 14. In a Girder cohtinuous over Two Unequal Spaks, to find 
what loadiso ukirokmlt distributed, added to a given load 
umiforjii.y disxaibuted over the span ab, will make c=0. — 
Wo had (45q),— 

For q.^ := 0, or unsymmetrical loading, and l^ = ml. we have 

102. Unsymmetrical C^^^ — J^ ^. 

IT or (^j = 5^ = g, or symmetrical loiiding, 

3 ql tii° -\-^q l m^ — ql 

qj , % qlm''+^qlm''~ql _ 

n(l + m)+ 8m(l + m) " 



103, Symmetrical C ^ a f i 4 r~i — ' ""^ putting 



101 ,= ,, 
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PART III. 



§ 15. Ndmekical Example. (See Plate I.) — Zoatfi/jfli. The assumed 
dead load of eact trass (which, is in 3 spans of 00, 20, and 90 feet, and mado 
continaous over them all) is taken iit 1000 lbs., the snow load at 200 lbs,, 
suid the live load at 1400 lbs. per lineal foot. Each panel is 18 feet long, 
except the centre one, which ia 20 feet long. The above loads, concentrated 
at tho panel points and points of support, are as follows, in tons : — 



Over caeh end support 



At each panel point 



Over each centre support 



4.5 tons dead load. 
0.0 tons snow ,, 

O.O tons dead load. 
1.8 tons snow ,, 
13,G tons live „ 

f 9.5 tons dead load. 

} 1.9 tons snow ,, 
(lH.StonsUve „ 



E First Svstem (in 



f/"li2 


19.929 


-^1 


18,5 


■^i 


172.01 


^a 


181.09 


U^^t 


22.92 


£2*3 


21.5 


-s, 


211.62 


T^ 


222.43 


u^ 


25.909 


Z4^S 


24.5 


S, 


251.44 


P^ 


03 


^U 


28. 


L, 


2e. 


P^ 


222. 


7\ 


GO sin 1^ 



LiiVEit AiiJi^i « ] 



i Second System (in 



t^as.s 


21.425 


Li^i 


20, 


■% 


101.77 


S'l 


1G5.01 


t^liS 


24.414 


Ls^A 


23. 


Si 


231.52 


Tg 


203,17 


C'a 


20. 


1,&L, 


20. 






7; 


241.72 



Formulm for tJie licacfions. — For otir case m ^^ f . Substituting this ii 
the equations for reactions, aiid inaldng e =^ g = k, they reduce to thi 
following: — 
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Formulte for four level supports ; spans 
AB aod CD symmetrically loaded, - 
from 67 and 68, 



A=D=^^ (8— llA: + 3t3). 
5= C^^ (lit — 3^3). 



- (80 — 113 i- + 33^3). 



Fonnulte for four level supports ; 
AB only loaded, from 63-66, 



UPQc-m. 



sP , 



Forinulffi for four supports, vihea B .and 

C are "pivoted" and AB only-] B = C: 
loaded, from 89-91, 



(90— 01i--f 151-'). 
(in — 3t3). 



Formula! for throe supports, when B A — -~-{lO — QJi). 
and C are "pivoted" and AB oii!y-| 
loaded, from 97-38, I B— 0=^^ 2 Pk. 

In all cases A + B -^ C+ D = 2 P, except the flrst written, when 
A-\-B-^C+D = 2sP, as it should. 

Example. — Snow load in the first system r — 

P = 1.8kk = .2\ P = 1.8Sik = .(i; P = l.SSclc=^l 
: l)jfirstformuIa,.,4 = I> = l.SX.031 =1.7712 

B=C=l.Sx 1.016-1-1.9 = 3.7288 

Snow load in the second system ; — 

P^O.S ki: = 0; P = 1.8&X- = .4; P^1.8&i = .3 

• ■. by same formula as above : 

.d=D = 1.8X .566 4-0.9 = 1.9188 
5= C = l,8 X 1-434 =2.5812 

The reactions of the girder, for the several cases given in Part T., and 
found in a raaniver similar tc the above, are given in tlie following Table : — 
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^'"ji 



lii : 






'°^ih I 






llli 



liii 



pl^ 



O i O tj 
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Slrain SSeefs. — (See Plates HI. -IS.) The figures represent resultant 
strains in tons of 3,030 lbs. {-{-) niefiiis tension, (— ) means compression. 
To abbreviate calculation, the dead load has been, taken as though it were 
concenti-ated at the lower panel poiuts ; it is more esact, and in principle 
just as easy to follow out, to take the own weight as divided into two miun 
parts, (1) that of the truss, and (2) that of the roadway platform, and each 
as though applied at that part of the skeleton ontluie of the bridge at which 
it is applied. A close approximation ia to take the pktform weight -|- J- 
weight of truss, at lower panel points, and J weight of truss at upper panel 
points in "through" bridges; reverse this arrangement In "deck" bridges, 
and other combinations will readily suggest themselves ia their proper places. 

To illustrate the manner in which these Strain Sheets have been calcu- 
lated, the computation for Case II. is next given, worked throughout siriciCi/ 
according to Ritter's method, although for chord members another way may 
sometimes be shorter, as alltided to in Fart I. 

Equations for finding the Strains in the sevei-al members o/Ihe Draw, loaded 
and supported {that is, reacted on) as in Case H. — By makiug the proper 
substitutions for loads and reactions, all the other eases can be ealeuJated 
accordmg to the same formulte.* The centre panel diagonals are made to 
take tenaiou only; when the resultant strain on one of them comes out minus 
therefore, neglect that diagonal, and make the calculation over agaiu [for 
that and for such other members as depend upon such change], supposing now 
only the other diagonal in place. All other members are made to take either 
the compression or extension that they may be called upon to withsUnd. 

I'lKST SYSTEM. 

Uis,2 X 10-5)29-4- li.lT X 18 = 0. 

17344 X22.92 -|-U.17X(3X18) — 23.4x{2Xl8)-^0. 
Us X 25.909 + 14.17 X (5 X 18) — 23.4 X [(2 + 4) X 18] = 0. 
(Jg X 28. 4- ll'l"? X CC5 X 18) + 20] + (57.83 — 24.7) X 20 
— 23.4 X [((4 X 18) + 20) + ((2 X 13) + 20)] = 0. 

— ij X 18.5-1-14.17X0 = 0. 

— i,s3 X 21,5-1-14.17 X (2X18)— 23.4X18 = 0. 

— U&, X 24.5-1-14-17 X (4 X 18) -23.4 x [(1 + 3) X 13] =0. 

— L, X2e. -I- 14.17 x (5 X 18) — 23.4 X [(2-H*) X 18] = 0. 

* Tliu saveral equatinns Lava been written out in tnll, tiiid vitbout tlie BllgliMst attempt nt 
reduction; on tlie oontJ'ary, oil tin efemeiUa n/each term bavebeeii oooeplcuunsly wi-iiteii !uid 
eeparaCed, bo os to ennbls tin; one to follow tlie process of evolvlns Uie eqnatlons for enub niiin- 
bei' In an; caae. In praotlue, no one, niter doing a Bingle day's worlc according to Bitter, would 
need to write out any equations aa fully na done tere, and for roost members would not writ* 
tiiom out at all, unless indeed "in his miud's eye." 
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S'l X 172.01 — 14,17X222 = 0. 
-Tj X18i.02 — 14.17 X 222+23.4 X (222+18) =0. 

Sg X 211.62— 14.17 X232+23.4X(223+18)=0. 
- 3; X 222,43—14.17 X 222 + 23.4 X [(222+ 18) + (232+ (:) X 18))]=0. 

Sj X251.44— 14.17 X 222 + 23.4 X [(222 + 18) + (223 + (3 X 1S))]=0. 

-P,X[322+(5xl8)]-{57.33— 24.7) X[222 + (5X1S)] — 14.17X222 
+ 23.4X[444 + {4X18)]=0. 

Tjain^co— 14.17 X*+23.4x 09 + 33.4 X a.— (57.33— 34,7)X to =0, 
where ip is the angle T^ makes with the horizontal. 



-14.17+23.4 + 23.4—32.03 = 0. 



PbiS X21.425 + (15.35 — 11.7) X (3X18)= 0. 
Ui&6 X24.414+3.6gx(4Xl8)-23.4X(2Xl8) = 0. 
Ug X 26 + 8.65 X [(5 X 18) + 20] + 43. 15 X 20 
— 23.4 [((3 X 18) + 30) + (18 + 20)] = 0. 

— i:&a X20 + (15.35 — 11.7) X 18 = 0. 

— -£sii4 X23+ 3.65X (3X 13) — 23,4X18 = 0. 

— ij X 20 + 3.0S X (5 X 18) — 23.4 [(S X IS) + 18] =0, 

-iaX26 + 3.65X[(5Xl8) + 20]-23.i[((3XlS) + 20) + (18 + 20)] 
+ 43.15X20 = 0. 

— T^x 1 65.01 — 3.65 X 222. =: [or, revolviiig ahout sccoiicl load point : 
+ ^1 X \/36^— 20,9072 + 3.65 X 36 = 0], 

5a X18I-77 — 3.65X222 = 0. 

— Tj, X 203.17 — 3.65 X 222 + 23.4 X [222 + (2 X 18)] = 0. 
Sj X 231.52 — 3.65 X 222 + 23.4 X [223 + (2 X 18)] = 0. 

— r^x 341.72— 8.e5x333+23.4x[{222+(3Xl8))+(222+(lxl8))] = 0. 

~P^X [222 + (5 X 18)] — 3.65 X 323 + 23.4 [444 + (6 X 18>] 

— r, X 241.72 — 43.15 X [222+ (5 X 1S)] = 0. 

r^ sin ,^_ 3.65 + 23.4 + 23.4 — 43.15 = 0. 

Tho other ha]f girder must bo made symmetrical, or, if deshed (in the 
latched cases), can be calculated, either by cotithiuing to malte the supposed 
eectioHS in the order of procedure from left to right, always infjoduoing 
reactions as though they were merely minus loads (which is all they are), 
or by taking sections anew in the order of from right to left. 
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In this way haYO been, found the straioa in Plates III.-IX., and tabulated 
in Table (A), p. 50. Observe that the ceatre panel diagonals preannt a 
peculiar feature : tlie diagonal in service is a different one for tlia cases (a) 
and (b), and has a different value for the two, but each diagonal has the 
same value whether in ///., IV., or V. A -\-B is constant, in pivoted aa 
well as fixed eenti'e support draws ; 

In the first, ^ -[- B < load^ on A B. 
In the second, J. -(- JS > loads on AB. 

A careful study of this table will prove instructive also as to choice of Mnd 
of supports for drawbridges. The table is not complete, however; there 
should be added the strains for the cases where there b no snow load, espe- 
cially for Case IV. (It), and in the span CD. These may be obtained in two 
ways : (1) we could get the new reactions, by subtracting, for each support, 
the reactions produced there by the snow load from those already found, and 
then proceeding in the calculation of strains as before, or (2) by finding fii-st 
the straiua produced in each member by the snow load, and then algebrai- 
cally Bubtracting these strains from those already found in the corresponding 
members. The snow strains are, however, of two kinds ; once when the 
weight of the snow b all canled by the centre supports, and again when the 
truss carrying the snow loads rests on 4 level supports. The first mentioned 
snow strains obtain in Cases J. and III. (6) , and mnst also be subtracted to 
get the strains without snow in Cases V (a) and (b) whenever the end re- 
actions without snow aie to be the sime they weie with snow (In Cases 
I (a) and (h) it will be remembered the end suppoits are liftul ]ust 
enough to prevent the end le'u.tions fiom ever becominsc L'ss thin a (.hosen 
jlus quantity) For the end reactions rem-unmg the same the centre 
jLBctions only can have diminished and must h^ve diminished by just the 
weight of the snow and the etiiina can have diiaimshed algebioiL-ally 
only by the stnms pro lu ed by these two centie reactions together equal 
to the snow load acting as opj osed to the SPveral panel snow loads 
Antther view woul 1 be this we had made a the pait ot the own weight 
that was carried on the 4 supports instea 1 of on only the central onps just 
large pnough to securely lie p the light enl fiom using m the event of 
inasimum nDsymmefiical loading It now the snow melts ofl it will 
render the light end msecuie and enough adiitional s mii-it be taken 
out of the own weight to lestore the oiigmxl enl icattions that i the 
new s must = old s -(- ■> uw The pieces-, is th s w is remuici f tin 
the 4 kifcl sijports tl ei i wei^l t eiual to it is taken oft of the centre 
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Buppoi'ts, and is distdbiited over tho i level supports again, leaving, as a net 
result, the centre supports lighter, hj the total snow load. Mechanically, 
thia wilt necessitate a higher posiiion of the end supports, at the end of the 
lift, in order that the same end reactions may be obtained without, as before 
were obtained with, the snow. Were, on the contrary, the end .iiipports to 
remain in the same position, or at tlie same level, then, to get tie strains 
in the trusses without the snow load, from those above with the jaow on, 
we should have to subtract the snow strains produced by the snow load 
resting oa 4 level supports. 

Figs. 20 and 21, Plate X,, show the two kinds of snow strains ; Fig. 20, 
being those when the snow reactions are produced only at tho centre sup- 
ports, and are evidently simply J the strains given for Case I. The others 
(Fig. 21) are the strains due a load of 200 lbs. per foot on a bridge skeleton 
without weight, and of the form under consideration, and supported on 
4 level supports. Now subtract these strains in the sevei'al members, aJge- 
bridofilly, from the corresponding strains in the table, remembering which 
set to use in the several eases, as above given. Fig. 20 has been used in 
Case V. (h) and Fig. 21 in Cme V. (o), since \ dead was more than enough 
for s ia this latter case, and Dt^-^-, even without the snow. 

The resultant strains for all the cases will be found in Table (/?), on 
p. 51. 



While this book is go n th ou^i tl press, the autlior notices, i 
work* recently issued, the follow ng se t ice : " But no book in 
nse givea us any method f o d te m m th shearing stress under a partial 
load, a determination which s c s..a y b fore the bracing can be correctly 
proportioned," It is to be lopel howe er, that bo insuperable ohieotion 
lies in the way to the atta n t f su I an object, and that such a book 
may be written. The foregoing has been an attempt in that direction; for 
the careful reader wUl have noticed that, by the method and the formuhe 
herein given, the effect of a load at any point or points, on a contJnuons 
girder, upon any of its members, may be calculated. 

The method of strain calculation followed throughout has been what may 
be termed the "arithmetieni" one ; and the author has purposely presented 
the same purely and alone, and omitting, therefore, considerations of mo- 

•• Gr&pliicnl Metlioil for tlie Anil;elB at Bridge Trusses, &a. Gbacles K. Qresne. New 
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ment-cmrea, of vertical and horizontal shears, points of c 

and other paraphernalia which usually aocoi 

girders. 

To calculate the absolute maxima and minima strains 
a continuous panel girder by the method that has been 
would be like this ; — 

First find the strains in each member, under the 

Next find the Btraaus in each member for the 



ittary flexuro, 
on coL.iJnuoua 



the members of 
the process 



panel Jive load 



on the first panel point, all the rest of the bridge being supposed to he 
without weight and miloaded. 

Nest place the panel live load on the second panel point, the rest of the 
bridge being supposed to be without weight and unloaded, and so on, for 
each panel point. By tabulating the strains thus found for each member of 
the bridge, a clear oversight will be gained over them. Then summing up 
all tlie minus strains Uable to occur in any one member, with the strain due 
to the own weight, wiU give the maximum minus strain, and summing up 
its plus strains with the same will give the maximum plus strain that can 
como upon it by any possible combination of loads on the bridge. 
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APPENDIX. 



LIST OF BOOKS AND ARTICLES IN TECHNICAL JOURNALS, RE- 
LATING TO THE SUBJECT OF CONTINUOUS GIRDERS (IK PART 
OB IN WHOLE), IN TliE GERMAN, FRENCH, AND ENGLISH 
LANGUAGES, 1854-1874. 

[Wlttoiit wishing to proBume the part of an adviser, the writer yet offers the opinion that 
the starred ivorlie are eapeeially to be recommendea to those desirona of furtlier pursuing tha 
tuhject of ContlnuouB Girders. Tha annexed list Is donhtless Incomplels.] 

'"Weyravch, Dr. Phil. Jacob I., Ingenicnr, &g. Allgememe Tlieorie unA 
Beiechming der Continuirlielien und Einfaehen Ttager. Leipzig ; B. G. 
Teubner. 1873. 

*Eitler, Avgusl, Prof. &e. Eiementare TLeorie und Berechnuiig eiserner 
Dach- & Briicken-Constructionen. (Contains, amongst other matters, a 
peculiar AiW of continuous girder.) Hannover; Carl Riimpler. 1873. 

"Laissle g- SchueMer. Der Ban der Briicken-Trager. Stuttgart: Paul NefE. 
2 vols. 1869 & 1870. (Tiiis work has also appeared in a Frencli trans- 
lation.) 

Winkler, Dr. E, Elaaticitat nud Festigkeit, Prag : H. Dominieus. 1307. 

Zeitschrift des Archt. & Ino, Veuew zu Hannoveu. 

tMohr (now Prof. &c. in Stuttgart) 18C0, 1802. & 1808. 

Kopke, C, Ingr. So 1853 & 1857. 

ZEiTScmtiFT FUH Baitwesen, Beblis. 

QvensH, 1865. 

Schtcedkr, J. W. 1862. 

WinUer, E. 180O. 

ZBiTscnniFT BEa Oestr. Arcut. & Iso. Vkiieim. 
Winkler. Prof. &c 1S72, 

Ber Civil Isgexieuh. 

FrUnkel, W. 1868, p. 271. 

1800, Heft 3 & 4. 

Jlullbauer 1358, ,, 5 & 6. 
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Zeitschkift des Vereins Deutscher L-iOEsmcinE. 
Grashof . 1857. 

Zbitscheift des Bayerisches Archt. & Ing. Veeeih. 
Gerher. (A Patent Continuous Girder,) , . , , 1370. 

Allgbmeise Bauzeitdsg. 
SchnidI, Heinrich 1868. 

De Mnrddsstr. (Strains in Continuous Trusses of Iron Bridges.) 

2d Ed 1873. 

"■Bresse. Cours de Mecaniquo AppliquiJo. 1" & 3°" partie. Paris. 

1850 & 1865. 
Akkai.ks des Posts et Ciiausees. 

*Renaudot 1800, p. 311. 

Pierre 1871, p. 41. 

Albaret 1303, p. 53. 

" COMPTES ReNDUS." 

Clapeyron Dee. 18i)7. 

MoUnoK §■ Pronnkr. Construction des Pouts Miitalliques. Pai'is. 18o7. 

Annalbs DBS Thavaux Publics de Belgique. 

De CUrq 1853-50. 

{Navier. E,Ssuine des Lemons donn^es i I'Soole des P. & C. &c, 
2d Ed. Paris. 1833.] 

MisuTES OP THE Proceedings OE ti-ie Isst. Civ. E.vans. 

Bell, W. Vol. 32, p. 171. 

*Stoney, E.W. „ 20, p. 382. 

*Heppel, J. M. ,. 19, P- 625. 

*Bartoti, James „ 14, p. 443. 

Contaiiia a description of tlie celebrated, and, considering tlie time it was 
built, wonder/ally perfect, Bojme Bridge at Droglieda, Ireland, 3 contin- 
uous spans of 141, 267, and 141 feet, opeaed for traffic, double track 
U.K., in April, 1853. 

Pole, W. Vol. 9, p. 2G1. 

Hemam, G.W. ,, 3, p. 6o. 

The Philosophical Magazine, Losdow. 

*Heppd, J.M. Vol. 40, p. 440. 

Stonei/, B. B. Theory of Strains in Girders, Slg. London: Long- 
mans, Green, & Co 1873, 

EanMne, W. J. M. Civil Engineering pp, 287-2!)2. 

Humber, William. Strains in Girders, Am. Ed, New York: Van 

Nostrand 1870. 
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Clark, Edvnn. Brittania and Conway Tubular Bridges, Loudon. 1850, 
Moseley, Hennj. Mechanical Principles of Engineering and Architecture 

(1840-43). Am. Ed. By D. H. Mahan, Professor at West Point. 

Kew Tork: J. Wiley & Son. 1889^ (Continuous beams are treated of 

in this work by the name of " Breast summers.") 
Ckanute, 0., and G. Marison. Kansas City Bridge, pp. 86, 87, 108-lH. 

JOUBNAL OP THE FrANKLIK IxSTITUTB. 

Frizell. J. P 3d Series, Voi. 6-1, 1872. 

Traksactions Engikebrs' Club of St. Louia. 
Smith, Charles A. Girders Continuous over Supports . . Dec. 4, 1872. 

Tan Nostband's Eclectic Engiseering Magazine. 
Ei^dij, C.H. p. uj2, 1874. 



Tijdscln^ft van iiet Kouinklijk Instituut vstn Ingeiiieurs.* 's Graven- 
hage 1870 & 1871, 
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